定常輸送と拡散のもとでの物質の密度波について (非線形波動現象のメカニズムと数理) by 矢嶋, 徹
Title定常輸送と拡散のもとでの物質の密度波について (非線形波動現象のメカニズムと数理)
Author(s)矢嶋, 徹







































. , 1 .
. ,
$n(x, t),$ $m(x, t)$ .
, , ,
6 6. # , ’ $\frac{\partial^{2}n}{\partial x^{2}}\#arrow$
. ,
, $n$ $m$ ,
, $a,$ $\alpha,$ $\beta$ $a \frac{\partial^{2}n}{\partial x^{2}}-\alpha n+\beta m$ .
, $v$ , $\ovalbox{\tt\small REJECT}$
, v–$\partial m\partial x$ ,
$\alpha n-\beta m$ . , $n,$ $m$
:
$\frac{\frac{\partial n}{\partial m\partial t}}{\partial t}=\frac{\partial m}{\partial x}+\alpha n-\beta m=a\frac{\partial^{2}n}{-v\partial x^{2}}-\alpha n+\beta m\}$ (1)
, $a,$ $v,$ $\alpha,$ $\beta$ .
, , $n,$ $m$ . , $|\mathrm{J}$ $t$ $=0$
$x=0$ , .
,
$\bullet$ $\bullet-n-\bullet\bullet$ 11 .
$\downarrow\downarrow\uparrow$ $\uparrow$
$\downarrow$ $|\mathrm{I}$ $\downarrow$ , 2
.
181
$n(x, t)=N_{0}\delta(x)$ , $m(x, t)=0$
. $n,$ $m$ $x$ , $\hat{n}(p, t),\hat{m}(p, t)$ , (1)
$\frac{\frac{\partial\hat{n}}{\partial\hat{m}\partial t}}{\partial t}=\alpha\hat{n}-(\beta+ivp)\hat{m}=-(\alpha+ap^{2})\hat{n}+\beta\hat{m}\}$ (2)
$\hat{n}(p,0)=N_{0}$ , $\hat{m}(p,0)=0$ (3)
. , (2) ,
2 .
$\lambda^{2}+(\alpha+\beta+ap^{2}+ivp)\lambda+a\beta p^{2}+i(\alpha+ap^{2})vp=0$ (4)
(4) $\lambda_{1},$ $\lambda_{2}$ ,







$\{\begin{array}{l}\mu_{j}\nu_{j}\end{array}\}=(^{\lambda_{j}+\beta+ivp}\alpha)=\{\begin{array}{l}\beta\text{ }+ap^{2}+\lambda_{j}\end{array}\}$ , $(j=1,2)$
, (6) ,
$n(x, t)$ $=$ $\frac{N_{0}}{2\pi}\int_{-\infty}^{\infty}\frac{\lambda_{1}+\beta+ivp}{\lambda_{1}-\lambda_{2}}e^{ixp+\lambda_{1}}{}^{t}dp-\frac{N_{0}}{2\pi}\int_{-\infty}^{\infty}\frac{\lambda_{2}+\beta+ivp}{\lambda_{1}-\lambda_{2}}e^{1xp+\lambda_{2}}.{}^{t}dp$
$m(x, t)$ $=$ $\frac{N_{0}}{2\pi}\int_{-\infty}^{\infty}\frac{e^{\lambda_{1}t}-e^{\lambda_{2}t}}{\lambda_{1}-\lambda_{2}}e^{\dot{l}xp}dp$
182
. , (4)
, 0 . ,




, (6) $n$ . , -l
.
\mbox{\boldmath $\xi$}\equiv --2va , $\tau\equiv\frac{v^{2}}{4a}t$ , $\frac{4a\alpha}{v^{2}}\equiv b$, $\frac{4a\beta}{v^{2}}\equiv$ (7)
, (4)
$\lambda^{2}+(b+c+2ip)\lambda^{2}+\varphi^{2}+2i(b+p^{2})=0$
, $\lambda_{1},$ $\lambda_{2}$ ,
$n=(\partial_{\tau}+2\partial_{\xi}+c)I$ , $m=bI$, $I \equiv\frac{N_{0}}{2\pi}\int_{-\infty}^{\infty}\frac{e^{\lambda_{1}\tau}-e^{\lambda_{2}\tau}}{\lambda_{1}-\lambda_{2}}e^{i\xi p}dp$
. $\exp[-(\xi+(b+c-3)\tau/2)]$ ,
.
$n=e^{-[\xi+(b+c-3)\tau/2]}f(\xi-2\tau, \tau)$ , $m=e^{-[\xi+(b+c-3)\tau/2]}g(\xi-2\tau, \tau)$
$f,$ $g$ $I$ , .
$f(X, T)= \frac{N_{0}}{2\pi}[\sum_{j=0}^{\infty}\frac{(T/2)^{2j}}{(2j)!}K_{j}-\sum_{j=0}^{\infty}\frac{(T/2)^{2j+1}}{(2j+1)!}J_{j}]$ , $g(X, T)= \frac{N_{0}b}{2\pi}\sum_{j=0}^{\infty}\frac{(T/2)^{2j+1}}{(2j+1)!}K_{j}$
$K_{j}$ 4 $(j=0,1, \ldots)$ .
$K_{j}$ $\equiv$ $\int_{-\infty}^{\infty}e^{-T/2+iXp}[(p^{2}+2\gamma)^{2}+4bc]^{j}dp$
$= \sum_{k=0}^{j}\sum_{l=0}^{j}A_{k,l}e^{-X^{2}/2T}M(-(k+l),$ $\frac{1}{2},$ $\frac{X^{2}}{2T})$
$I_{j}$ $\equiv\int_{-\infty}^{\infty}e^{-T/2+iXp}[(p^{2}+2\gamma)^{2}+4bc]^{j}(p^{2}+2\gamma)dp$
$= \sum_{k=0}^{j}\sum_{l=0}^{j}A_{k,l}[2\gamma M(-(k+l),$ $\frac{1}{2},$ $\frac{X^{2}}{2T})$
$+ \frac{2k+2l+1}{T}M(-(k+l+1),$ $\frac{1}{2},$ $\frac{X^{2}}{2T})]e^{-X^{2}/2T}$
183
$b-\mathrm{c}+1$
, $\gamma\ovalbox{\tt\small REJECT}$– ,
2
$A_{k,l} \equiv(\begin{array}{l}jk\end{array})(\begin{array}{l}jl\end{array})q_{0}^{j-k}q_{0}^{*j-l}\frac{\Gamma(k+l+1/2)}{(T/2)^{k+l+1/2}}$ , $q_{0}\equiv 2\gamma+2i\sqrt{bc}$
, $M(\mu, \nu, z)$ Kummer . , 2 $\frac{1}{2}$
, Hermite :
$M(-n,$ $\frac{1}{2},$ $\frac{z^{2}}{2})$ $=$ $\frac{n!}{(2n)!}(\frac{-1}{2})^{-n}\tilde{H}_{2n}(z)$
$\tilde{H}_{2n}(z)$ $=$ $(2n)! \sum_{m=0}^{n}\frac{(-)^{m}z^{2n-2m}}{2^{m}\cdot m!\cdot(2m-2n)!}$
$K_{j},$ $J_{j}$ , $(\xi-2\tau)^{2}/2\tau$ $\tau$ . $\xi,$ $\tau$
, $f$ $\xi-2\tau=0$ . ,
$Kj’ Ij$ , $k,$ $l$ .
$f(z, \cdot)$ , 2 .
$n$ , $z\equiv\xi-2\tau$ , $n(z, \tau)\cong e^{-\gamma\tau}$ .
$e^{-z}f(z/2\tau, \tau)$ , $f$ . $\tau$
, . , $T$ ,







$\mathrm{a}$ , . , 2 1 ,
. , $U$
, , .
$\frac{\partial n}{\partial t}+\frac{\partial(nv)}{\partial x}+U=0$
$\frac{\partial m}{\partial t}+V\frac{\partial m}{\partial x}-U=0$
$\frac{\partial v}{\partial t}+v\frac{\partial v}{\partial x}=F$
, $F$ $V$ .
2 , $b,$ $c$ , $U=bn$ -cm
.
, $F$ . $t$ , $U(x, t)$
, $\Delta t$ ,





$varrow Vv$ , $n arrow\frac{n}{b’}$ $m arrow\frac{m}{c}$ , $xarrow Vx$ , $tarrow t$





. , $\xi=\epsilon^{1/2}(x-t),$ $\tau=\epsilon^{3/2}t$ Gardner-Morikawa ,
$n= \sum_{k=1}^{\infty}\epsilon^{k}n_{k}$ , $m= \sum_{k=1}^{\infty}\epsilon^{k}m_{k}$ , $v= \sum_{k=1}^{\infty}$ $v_{k}$
185









. , , $\omega$
, .
4.




, . , 2 $tarrow\infty$
, ,
3
. (S. Terada et al.
private communication )
186
(7) $b,$ $c$ , $b+c+1$ . , ,
$\xi,$ $\tau$ , $\tau$ .
, 3
. , ,
. ,
,
,
.
, , ,
. ,
. , ,
,
, , .
187
